Respiratory tract infections occur frequently in early infancy and account for a major percentage of morbidity and mortality in childhood. Virus infections seem to be responsible for most of this burden. Since the introduction of molecular detection techniques, such as polymerase chain reaction (PCR), the percentage of pathogens found during respiratory tract illnesses in published studies has increased dramatically, up to 85%.[@bib1], [@bib2], [@bib3], [@bib4]

Although many studies have investigated the prevalence of respiratory pathogens during respiratory illnesses, little is known about the prevalence of pathogens in nonsymptomatic children. Whether pathogens are actually the cause of the respiratory symptoms or are simply colonizing the respiratory tract during symptomatic episodes remains unclear. It can be speculated that not every infection with a pathogen leads to respiratory symptoms and that pathogenicity might depend on host or environmental factors. In young children, the respiratory and immune systems are immature and may be more susceptible to respiratory pathogens.[@bib5] We hypothesized that infections with respiratory pathogens are likely to have the most serious effect on young children with developing respiratory and immunologic systems. Furthermore, we hypothesized that infection with multiple respiratory pathogens will more often lead to respiratory symptoms compared with infection with a single pathogen.[@bib6], [@bib7], [@bib8], [@bib9]

The aims of our study were to determine the prevalence of respiratory pathogens in the presence or absence of respiratory tract symptoms in prospectively sampled young children, and to identify whether age and coinfections modify the impact of a pathogen on illness. Sensitive PCR techniques were used to detect 13 common respiratory pathogens, 11 viruses, and 2 atypical bacteria.

Methods {#sec1}
=======

Study Design and Subjects {#sec1.1}
-------------------------

A prospective longitudinal study was conducted during a 6-month winter season (November 2004 through April 2005). A total of 19 healthy children age 0 to 7 years were enrolled, 1 of which failed to complete the study. None of the children had a history of asthma or recurrent respiratory complaints. Parents were contacted twice a week by telephone or e-mail by 1 of the 2 study coordinators to determine the presence of any symptoms of respiratory tract illness. Respiratory tract symptoms were defined as symptoms of coryza (rhinorrhea or nasal congestion), sore throat, earache with or without ear discharge, cough, sputum production, or dyspnea, all with or without temperature above 38°C.

Samples were collected every 2 weeks regardless of the presence or absence of respiratory symptoms. The biweekly sampling frequency during the study resulted in about 13 subsequent observation episodes per child. An episode was defined as "asymptomatic" if there were no respiratory symptoms during a complete period of 1 week before to 1 week after sampling. An episode was defined as "symptomatic" if there were any respiratory symptoms during the period of 1 week before to 1 week after sampling.

The study design was approved by the local Medical Ethics Committee, and all parents gave written informed consent.

Detection of Respiratory Pathogens {#sec1.2}
----------------------------------

Respiratory pathogens were detected by PCR. After receiving precise instruction at the beginning of the study, parents collected the samples by rubbing 1 of the child\'s nostrils and the posterior oropharynx using separate cotton-tipped swabs. After sampling, the 2 swabs were collected into a single vial containing GLY medium with 0.1 mg/mL of pimaricine as a viral transport medium and sent to our laboratory by regular mail. Samples were stored at −20°C until analysis. Sampling of respiratory pathogens by parents using nose and throat swabs has proven feasible and reliable. Both the sampling frequency and the viral recovery rate in parental samples are higher compared with sampling by a dedicated research nurse.[@bib10], [@bib11]

PCR was performed at the National Institute of Public Health and the Environment, Bilthoven, The Netherlands. The respiratory pathogens human rhinovirus and enterovirus, human metapneumovirus, human coronaviruses OC43 and 229E, *Chlamydophila pneumoniae*, and *Mycoplasma pneumoniae* were analyzed by conventional PCR, essentially as described previously.[@bib3]

The PCR for adenovirus consisted of 40 cycles of 1 minute at 94°C, 1.5 minute at 45°C, 1 minute at 72°C with a final extension of 10 minutes at 72°C (PE 9700) with the following primers: forward, 5′-GCCGCAGTGGTCTTACATGCACAT-3′; reverse, 5′-ARCACICCICGRATGTCAAAG-3′ and 5′-CAGCACGCCGCGGATGTCAAAGT-3′ targeting the hexon gene. Amplicons were analyzed by gel electrophoresis.

Real-time PCR for human coronavirus NL63, influenza viruses A and B, and respiratory syncytial virus (RSV) A and B was performed using the Lightcycler 2.0 format with Lightcycler Taqman Mastermix (Roche, Germany). A separate reverse-transcription step with avian myeloblastosis virus reverse transcriptase was used for 60 min at 42°C for NL63 and for 60 minutes at 50°C for influenza and RSV.

The reaction for NL63 consisted of 1 cycle of 10 minutes at 95°C and 45 cycles of 5 seconds at 50°C and 10 seconds at 72°C, with primers 5′-AACCTAATAAGCCTCTTTCTC-3′ and 5′-TTTGGCATCACCATTCTG-3′ and probe 5′-6FAM-AGTGCTTTGGTCCTCGTG-Tamra-3′ targeting the nucleocapsid gene, as provided by L. van der Hoek.[@bib12]

The reaction for influenza consisted of 1 cycle of 10 minutes at 95°C, and 45 cycles of 10 seconds at 95°C, 20 seconds at 50°C, and 10 seconds at 72°C, with primers 5′-AAGACCAATCCTGTCACCTCTGA-3′ and 5′-CAAAGCGTCTACGCTGCAGTCC-3′ with probe 5′-6Fam-TTTGTGTTCACGCTCACCGTGCC-BHQ1-3′ for influenza A, targeting the *M pneumoniae* gene, and 5′-TGAAGGACATTCAAAGC-3′ and 5′-ACCAGTCTAATTGTCTC-3′ with probe 5′-YY-AGCACCGATTACACCAG-BHQ1-3′ for influenza B, targeting the NS gene.

The reaction for RSV consisted of I cycle of 10 minutes at 95°C and 45 cycles of 15 seconds at 95°C and 47 seconds at 60°C with primers 5′-TGAACAACCCAAAAGCATCA-3′ and 5′-CCTAGGCCAGCA GCATTG-3′ with probe 5′-6Fam-AATTTCCTCACTTCTCCAGTGTAGTATTAGG-BHQ1-3′ for RSV A and 5′-TGTCAATATTATCTCCTGTACTACGTTGAA-3′ and 5-GATGGCTCTTAGCAAAGTCAAGTTAA-3′ with probe 5′-YY-TGATACATTAAATAAGGATCAGCTGCTGTCATCCA-BHQ1-3′ for RSV B, both targeting the nucleocapsid gene.

Each sample was spiked with the equine arteritis virus as an internal control to detect inhibition of RNA isolation and PCR.[@bib13]

Statistical Analysis {#sec1.3}
--------------------

All statistical analyses were done using SPSS version 12.0 (SPSS Inc, Chicago, Illinois). A 2-tailed χ^2^ test was used to compare differences between groups. Differences were considered statistically significant at a *P* value ≤ .05.

Results {#sec2}
=======

During a period of 460 child-weeks, respiratory symptoms in were recorded in 18 children. There were 2 sibling pairs; all other children were unrelated. Other characteristics of the study group are presented in [Table I](#tbl1){ref-type="table"}. Table ICharacteristics of the study group (n =18)Sex, M/F3/15Age, years3.67 (0-7) 0-28 3-46 5-74Number of siblings/child1.50 (0-4)Number of symptomatic episodes/child9.50 (4-15)Number of asymptomatic infections/child3.00 (0-9)[^1]

A total of 230 biweekly samples from both symptomatic and asymptomatic episodes were tested for the presence of respiratory pathogens; 119 samples (52%) were positive for at least 1 respiratory pathogen. [Table II](#tbl2){ref-type="table"} gives the results of the PCR testing of samples obtained during symptomatic and asymptomatic episodes. Significantly greater numbers of pathogens were found in symptomatic episodes compared with the asymptomatic episodes. A pathogen was detected in 56% of the symptomatic episodes, compared with 40% of the asymptomatic episodes (*P* = .03). Rhinovirus was the most prevalent virus, found in 23% of the symptomatic episodes and in 22% of the asymptomatic episodes; this difference was not significant (*P* = .88). The second most prevalent pathogens were the coronaviruses, which also were detected in comparable numbers in symptomatic and asymptomatic episodes (*P* = .38). Human metapneumovirus and *M pneumoniae* were never detected as a monoinfection, but only as a coinfection with another pathogen ([Table III](#tbl3){ref-type="table"}; available at [www.jpeds.com](http://www.jpeds.com)).Table IIRespiratory pathogens detected in asymptomatic and symptomatic episodes in young childrenAsymptomatic samples (n = 65)Symptomatic samples (n = 165)*P* valueAny pathogen26 (40)93 (56).03Human rhinovirus14 (22)38 (23).88Enterovirus2 (3)7 (4)NACoronaviruses (total)5 (8)15 (9).38 HCoV OC431 (2)6 (4) HCoV 229E4 (6)6 (4) HCoV NL6303 (2)RSV B01 (1)NAInfluenza virus A01 (1)NAHuman metapneumovirus00NAAdenovirus01 (1)NA*Chlamydophila pneumoniae*3 (5)2 (1)NA*Mycoplasma pneumoniae*00NAMultiple pathogens2 (3)28 (17).02[^2][^3]Table IIICombinations of respiratory pathogens found in samples with multiple pathogens detectedAsymptomatic episodes (n = 2)Symptomatic episodes (n = 28)HRV + CP13HRV + HCoV OC4313HRV + MP4HRV + HCoV 229E5HRV +IVB1HRV + RSVB1HRV + CP + MP1HRV + CP + RSVB1HRV + MP + HCoV OC431HCoV 229E + HCoV OC431HCoV 229E + HCoV NL631HCoV 229E + CP1HCoV 229E + hMPV + EV1HCoV 229E + HCoV OC43 + hMPV1HCoV 229E + HCoV OC43 + EV1HCoV OC43 + RSVA1HCoV OC43 + RSVB1[^4]

We analyzed the influence of age on the occurrence of symptoms during an episode. For this reason, we selected the episodes in which at least 1 pathogen was detected and divided them into 3 age categories. [Figure 1](#fig1){ref-type="fig"} shows the distribution of symptomatic and asymptomatic episodes in the different age categories. With increasing age, pathogen-positive children are increasingly asymptomatic. Only 9% of the pathogen-positive episodes were asymptomatic in children age 0 to 2 years, compared with 26% in those age 3 to 4 years and 36% in those age 5 to 7 years (*P* = .04 and .01, respectively; χ^2^ test).Figure 1A selection of pathogen- positive episodes. The proportion of symptomatic and asymptomatic episodes was studied in 3 different age categories.

Multiple pathogens were seen in 17% of the symptomatic episodes, compared with 3% of the asymptomatic episodes (*P* = .01). [Figure 2](#fig2){ref-type="fig"} shows the distribution of symptomatic and asymptomatic episodes when no pathogen, a single pathogen, or multiple pathogens were detected. If no pathogen was found, then 35% of the episodes were asymptomatic, compared with 7% of the episodes with multiple pathogens (*P* \< .01).Figure 2Percentages of the symptomatic and asymptomatic samples related to the number of pathogens detected.

Discussion {#sec3}
==========

Our data indicate that respiratory pathogens are frequently found in samples from children with no respiratory symptoms (∼40%). Rhinovirus and coronaviruses were found in most of the symptomatic cases and asymptomatic cases. Symptomatic cases were more often associated with detection of more than 1 respiratory pathogen.

Two limitations of this study are the small sample size and the fact that we sampled only during the winter season. These aspects limit the generalizability of our results. Nevertheless, the longitudinal sampling of healthy children at home and the use of a broad panel of respiratory pathogens for detection gives a detailed picture of the prevalence of respiratory pathogens during a winter season in young children.

The most prevalent virus in our study was rhinovirus, found in both symptomatic and asymptomatic episodes. The fact that rhinovirus is often found in asymptomatic children is not surprising, because it is generally a relatively mild pathogen that can colonize the nasal mucosa without causing symptoms.[@bib4] On the other hand, recent studies attribute a more important role to rhinovirus in both upper and lower respiratory tract infections.[@bib2], [@bib14] Presumably host and environmental determinants play roles in the pathogenicity of this virus.

Coronaviruses were the second most prevalent single virus in both asymptomatic and symptomatic children. This is in keeping with studies in which coronaviruses accounted for approximately 1/3 of common colds in children.[@bib15] Coronaviruses often were found in multiple infections,[@bib15], [@bib16], [@bib17] which suggest a relatively mild pathogenicity of coronaviruses. The recovery of both RSV and influenza virus was remarkably low in our study, possibly due to the small number and the varying ages (0 to 7 years) of the children enrolled in this study.

Of the asymptomatic children, 40% carried 1 or more pathogens. In the literature, the prevalence of respiratory pathogens in samples from asymptomatic children ranges from 5% to 68%.[@bib3], [@bib18], [@bib19], [@bib20], [@bib21] This wide range may be explained by differences in study populations, definitions of symptoms, and sampling and virus detection methods. Most of these studies were performed in older children, usually hospitalized for elective surgery. Furthermore, most of the studies are of a cross-sectional design comparing single symptomatic and asymptomatic episodes in different subjects. Such a design disregards the natural variation of virus colonization in an individual during a certain period. Winther et al[@bib20] also sampled longitudinally and found a 9% prevalence of picornavirus in asymptomatic children. This discrepancy with our findings may be explained by the fact that those authors used a period of 4 weeks around the onset of respiratory illness to define symptomatic episodes.

In our study, the youngest children were more often symptomatic when a pathogen was detected compared with older children. This finding is in agreement with the results of a recently published Finnish study on the transmission of rhinovirus within families.[@bib11] In that study, most rhinovirus infections in young children were symptomatic, and nearly half of the infections in older children and adults were asymptomatic. Presumably, older children have developed immunity against most respiratory pathogens.

We found a greater prevalence of multiple pathogens in samples from symptomatic children compared with samples from asymptomatic children. There is some debate regarding the association between infections with multiple pathogens and disease severity. Some have argued that multiple pathogens cause more severe disease,[@bib6], [@bib7], [@bib8], [@bib9] whereas others have reported no difference between single and multiple infections in terms of disease severity.[@bib8], [@bib22], [@bib23] Our findings support the former assertion and indicate an association between multiple infections and illness severity. During our 6-month study period, the children had a median of 9.5 (range, 4 to 15) symptomatic episodes, supporting the fact that apparently normal children can appear "chronically or repeatedly" infected during the respiratory season.
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[^1]: Data are expressed as median and range in parentheses.

[^2]: *NA*, not applicable; *HcoV*, human coronavirus.

[^3]: Data are presented as numbers with percentage of the samples in parentheses. *P* values are calculated with the 2-tailed χ^2^ test.

[^4]: *HRV*, human rhinovirus; *CP*, *Chlamydophila pneumoniae*; *HcoV*, human coronavirus; *MP*, *Mycoplasma pneumoniae*; *IVB*, influenza virus B; *hMPV*, human metapneumovirus; *EV*, enterovirus.
